Abstract. The DArk Matter Particle Explorer (DAMPE) recently reported an excess of electrons/positrons above expected background fluxes even when a double power-law background spectrum is assumed. Several dark matter models that involve TeV-scale leptophilic WIMPs have been suggested in the literature to account for this excess. All of these models are associated with the presence of a nearby dark matter clump/over-density.
Introduction
The DArk Matter Particle Explorer (DAMPE) has reported the direct detection of a break in cosmic ray electron spectrum at an energy ∼ 1 TeV [1] . This corresponds to an excess in the electron/positron flux around 1.4 TeV. Many recent works have proposed Dark Matter (DM) models to account for this excess via the annihilation of WIMPs and subsequent decay of a leptophilic mediator [2, 3, 4] . A common element of all these models is that they contain leptophilic WIMPs of TeV mass and require the presence of an over-dense clump of DM within a radius < 1 kpc of the solar system in order for the DM models to also satisfy DM cosmological abundance constraints on the annihilation cross-section.
In this work we will explore the effects of current data on the parameter space for all the cases presented in [2, 3, 4] . We agree with the arguments in [2, 3, 4] that current gamma-ray limits from Fermi-LAT [5] don't have any substantial impact on constraining the proposed DAMPE excess DM models. However, we show that radio limits from the Coma cluster derived in [6] , and limits from muon neutrino fluxes inferred from gamma-ray fluxes from the galactic centre [7] can make some impact on the allowed parameter space. We then explore the discovery potential for the necessary DM clumps with Low Frequency ARray (LOFAR) and the Square Kilometre Array (SKA) in radio. In so doing we show that only the SKA has the potential to completely rule out DAMPE models by hunting for radio emissions from the necessary local DM clump. This paper is structured as follows: in section 2 we discuss the candidate models in more detail, in sections 3 and 4 we detail the DM annihilation formalism and the subsequent radio emissions. In sections 5 and 6 we provide information on the current constraints on DM we employ and the telescope sensitivities respectively. Finally, in sections 7 and 8 we display and discuss our results.
Dark Matter Models for the DAMPE Excess
The DM models considered are heavy leptophilic WIMPs ψ that couple to the Standard Model particles via a heavy mediator that is too large to allow for the decay of the WIMP [2, 3] . Hence only annihilation will be considered here. We will consider the following ranges from the models listed above: ψ couples to muons and electrons and spans a mass range around 1.4 to 1.7 TeV with cross-sections ranging from 3 × 10 −26 to 5 × 10 −24 cm 3 s −1 in accordance with [2] . The emissions stem from a DM clump of mass 10 6 M within a distance of 0.1 kpc [2] or a Ultra-Compact Mini-Halo (UCMH) of mass ∼ 3 M within a distance of 0.3 kpc [4] . For details of the UCMH formalism we refer the reader to [8, 9] .
The second set of models considered has σV = 3 × 10 −26 cm 3 s −1 with the electron only coupling (e + e − ) and three lepton democratic coupling (3l) cases. For the 3l case we will work in the scenario of a DM clump situated at 0.3 kpc with a mass of 2 × 10 8 M . For the case of coupling to electrons only we use a halo with mass 8.0 × 10 7 M within a distance 0.3 kpc.
The distance and mass choices are representative of the models as a whole, as the distance and mass must co-vary to maintain the same flux in accounting for the excess observed by DAMPE. Non-UCMH clumps are considered to have NFW [10] density profiles with concentration parameters calculated according to [11] .
Dark Matter Annihilation
The source function annihilation of WIMPs ψ into final-state electrons with energy E at halo position r is given by
where σV is the non-relativistic velocity-averaged annihilation cross-section at 0 K, B f is the
dE is the differential electron yield of the f channel, and
is the WIMP pair number density.
The functions
dE will be sourced from [12, 13] . We will follow the standard practice of studying each annihilation channel f independently, assuming B f = 1 for each separate case (an exception is the 3l case where we weight each lepton channel equally). The studied channels will all be leptonic: τ leptons, muons, and electrons/positrons in accordance with [2, 3, 4] .
Dark Matter Emissions
The emission of interest in this work is synchrotron radiation produced by electrons sourced from DM annihilation and the subsequent decay of heavier products (if electrons are not directly produced). The average power of the synchrotron radiation at observed frequency ν emitted by an electron with energy E in a magnetic field with amplitude B is given by [14] 
where m e is the electron mass, ν g = eB 2πmec is the non-relativistic gyro-frequency, r e = e 2 mec 2 is the classical electron radius, and the quantities κ and F synch are defined as
where ν p ∝ √ n e with n e being the density of the local thermal electron population, and
The magnetic field producing the synchrotron radiation will be taken to be that of the MilkyWay which hosts the DM clump producing the DAMPE excess. The field strength is thus taken to be the value in the solar neighbourhood B = 1.5 µG [15] and the thermal plasma density is given by n e = 0.03 cm −3 [16] , these will be assumed constant over the volume of the DM clump or UCMH due to its small size. The Milky-Way magnetic field will be assumed to exhibit Kolmogorov-type turbulence with 1 kpc coherence length.
The local emissivity for synchrotron emission can then be found as a function of the DMproduced electron and positron equilibrium distributions as well as the synchrotron power
where dn e − dE is the equilibrium electron distribution from DM annihilation (see below). The flux density spectrum within a radius r is then written as
where D L is the luminosity distance to the halo. In electron-dependent emissions there are two processes of importance, namely energy-loss and diffusion. Diffusion is typically only significant within small structures [17, 18] , thus must be accounted for within the environment of the DM clumps of interest for the DAMPE excess. The equilibrium electron distribution is found as a stationary solution to the equation
where D(E, r) is the diffusion coefficient, b(E, r) is the energy loss function, and Q e (E, r) is the electron source function from DM annihilation. In this case, we will work under the simplifying assumption that D and b lack a spatial dependence and thus we will include only average values for magnetic field and thermal electron densities. For details of the solution see [17] . We thus define the functions as follows [19] D
where B is the average magnetic field, r L is the Larmour radius of a relativistic particle with energy E and charge e and k L = 1 r L . This combined with the requirement that
where
, with d 0 being the smallest scale on which the magnetic field is homogeneous, yields the final form
where D 0 = 3.1 × 10 28 cm 2 s −1 , and we assume that d 0 = 1pc for the UCMHs we consider. The energy loss function is defined by
where n is the average thermal electron density in the UCMH and is given in cm −3 , while b IC , b synch , b col , and b brem are the inverse Compton, synchrotron, Coulomb and bremsstrahlung energy loss factors, taken to be 0.25, 0.0254, 6.13, and 1.51 respectively in units of 10 −16 GeV s −1 . Here E is the energy in GeV and the B-field is in µG.
Existing DM Limits
We make use of the Fermi-LAT dwarf spheroidal galaxy limits on the annihilation crosssection [5] , as well as those derived from the diffuse radio emissions of the Coma cluster of galaxies [6] .
We also make use of the observed spectrum of the galactic centre in gamma-rays [20] and infer from it a muon neutrino flux following [7] . This flux is then used to derive upper limits on the DM annihilation cross-section through comparison to predicted fluxes from the galactic centre using the same galactic halo parameters as used in [20] .
Telescope Sensitivities
We compare sensitivity projections for the SKA [21] and LOFAR 1 to determine the smallest value of σV that would be detectable at a confidence level of 5σ.
In the case of the clumps with NFW profiles we must account for flux loss by these interferometers due to the minimum baseline effect (UCMHs are too compact to suffer from this). To this effect we use the fact that the Westerbork Synthesis Radio Telescope (WSRT) was found to capture only 0.16 of the radio flux emitted by the nearby M33 object [22] . Thus, we will make use of an ansatz that the flux captured by radio interferometry can be estimated as
where θ M 33 and θ halo are the angular sizes of M33 and the angular radius containing 99% of the flux from the DM clump, l W SRT and l obs are the minimum baseline lengths of WSRT and either the SKA or LOFAR. Using this calculation we find that f cap ∼ 10 −3 for clumps with NFW profiles at the distances given in Section 2. Figure 1 . Cross-section upper limits on DAMPE excess models from [2, 4] . GC (ν µ ) refers to inferred galactic centre neutrino flux limits. Figure 2 . Cross-section upper limits on DAMPE excess models from [3] , the model parameter space is given by the star. GC (ν µ ) refers to inferred galactic centre neutrino flux limits. Note the Fermi-LAT lines lie nearly atop each other.
Results
In fig. 7 we display the results for the models from [2, 4] , particularly upper-limits on σV either compatible with known constraints on WIMPs or projections derived from potential nonobservation of radio emissions from the local DM clump with a given instrument. We can see that the existing Fermi-LAT limits do not restrict the parameter space at all, as claimed by the authors of [2] . However, some constraint is possible with the Coma limits from [6] and with the inferred neutrino flux form the galactic centre [20, 7] for the case of the muon coupling only. LOFAR is unable to detect the extended clumps but is suggested to be able to probe the complete parameter space for the UCMH objects. The strongest possibility comes from the SKA, where it can find the radio emissions from annihilation the DM clumps for the entire parameter space.
In fig. 7 we see the results for [3] . In both the electrons only and the 3l model only the SKA can reach below the thermal relic cross-section specified by the DM model and still detect the emissions of the DM clump. However, LOFAR gets close to the thermal relic cross-section for both cases and the Coma limits are similar for the e + e − only case.
Conclusions
In conclusion we can see that new limits on the DM models conjectured to explain the DAMPE excess are possible with existing results from the Coma cluster and from inferred muon neutrino fluxes from the galactic centre. In particular, the inferred neutrino constraints provide little room for any muon coupling in the model of [2] . However, Fermi-LAT is unable to observe gamma-ray emissions from the DM clumps that form part of these models. LOFAR can only detect the UCMH type clump from [4] due to flux loss over large extended sources. The SKA will be capable of probing the full parameter space for all the studied DAMPE excess models and would be able to rule them out in its phase 1 configuration by hunting for the radio emissions from the nearby DM clump that is necessary for all the studied models.
